The binding of hemoglobin to red cell membrane lowers its oxygen affinity.
The mode of interaction of human hemoglobin (Hb) with the red cell membrane was investigated with special reference to the effect on oxygen binding properties and Hb-membrane binding constants. Compared to free native Hb, the membrane-bound native Hb showed a strikingly lowered oxygen affinity and smaller response to organic phosphates such as 2,3-diphosphoglycerate and inositol hexaphosphate. Similar effects of membrane binding were also observed for intermediately cooperative Hbs such as N-ethylmaleimide-treated Hb (NES-Hb) and iodoacetamide-treated Hb (AA-Hb), but very small effects were observed for non-cooperative Hb, i.e., carboxypeptidase A-treated Hb (des-His-Tyr Hb). The magnitude of the affinity lowering was in the order: NES-Hb greater than native Hb greater than AA-Hb much greater than des-His-Tyr Hb. In the presence of inositol hexaphosphate, the three chemically modified Hbs showed an increased oxygen affinity when bound to the red cell membrane, probably due to partial replacement of bound inositol hexaphosphate by membrane. The binding to membrane caused a slight decrease in cooperativity for native Hb, but no distinct change in cooperativity was observed for the three modified Hbs. These results imply: a) the red cell membrane binds to deoxyHb more strongly than to oxyHb; b) the difference in membrane binding affinity between oxyHb and deoxyHb is closely related to the quaternary structure change in the Hb molecule occurring upon oxygenation. The higher affinity of the membrane for deoxyHb than for oxyHb apparently disagrees with the conclusion drawn by earlier investigators. However, the present binding experiments by means of ultrafiltration proved that the red cell membrane actually binds to deoxyHb much more strongly than to oxyHb, validating the present conclusion based on oxygenation experiments. Our results are consistent with those obtained recently by other investigators using a synthetic peptide or the cytoplasmic fragment of red cell membrane band 3.